
co
,.

m I
!—

FORAERONAUTICS I
“L. -

TECHNICAL NOTE 3613

THEPROBLEMOFREDUCINGTHESPEEDOF

A JETTRANSPORTIN FLIGHT

ByDonD.Datis,Jr.

LangleyAeronauticalLaboratory
LangleyField,Vz

-

Washington
December1955

—.—.- .. . . . . .. . . . . .. . . . . . ... ... . ....-



IECHLIBRARYKAFB,NM

[U
NATIONALADVISORYCCMMITTEE

TECHNICALNOTE

THEPROBLEMOFREDUCING

AJET

By

TRANSPORTIN

lUllUl#lMI
FORAERONAUTICS 00Lb442

3613

THESPEEDOF

FLIGHT

DonD. Davis,Jr.

SUMMARY

Thedistancerequiredtodeceleratea high-speedjettransportfrcm
thenormaloperatingspeedtothedesignspeedformaximumgustintensity
(rough-airspeed)hasbeencalculatalforthecaseoflevelflightwith
theenginesidling.Thisdistancewasfoundtobemuchgreaterfora
jettransportthanfora typicalpiston-enginetransportatthesame
altitude,andthedistancewasfoundto increasewithaltitudeup tothe
altitudeformaximumtrueairspeed.Becausetheincreas@distancefor
thejettransportwasprimarilya resultofincreasedkineticenergyand,
to a lesserextent,of lowerdragcoefficients,theseresultsarebelieved
tobe qualitativelycorrectforhigh-speedtransportsingeneral.The
exactdistanceforanyparticularairplanewill,however,dependonthe
valueschosenforthenormaloperatingspeedandfortherough-airspeed
(becausethesespeedscontrolthekineticenergythatmustbe Mssipatd
duringdeceleration)andalsowilldependontheairplaneandengine
characteristics.

- Theuseofaerodynamicbrakes,thrustreversal,ora climbing
maneuveris showntobe effectiveinreducingthedistancerequiredto
reachtherough-airspeed,andthereforetheuseof suchdevicessems
advisable.Evenwiththeaidofsuchdevices,however,thedeceleration
distance,atthealtitudewhereitreachesa
considerablygreaterforjettransportsthan
enginetransports.

INTRODUCTION

msximum,is likelytobe
forpresent-daypiston-

Wheneverroughairisencounteredinflight,therecommendedpractice
istoreducethespeedoftheairplanetothedesignspeedformaximum
gustintensity(seethedefinitionof VB inref.1 forccmnnercialair
transports).Thisspeed,termedthe“rough-airspeed”,isdefinedasthat
speedatwhichflightatthemaximumnormal-forcecoefficientwouldresult
inthessmeloadfactorasan eticounterwitha gustofspecifiedveloci~
(40feetpersecondinpresentregulations,ref.1). Theloadfactor
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2 NACATN361.3

determinedfromthisdefinitionisusedinthedesignoftheairplane,
withtheimplicitassumptionthattheairplanewillbeflownattherough-
atispeedvr~ughwheneversevereturbulenceisencountered.Incase
thepilothasadvancewarningsothathe canreducethespeedoftheair-
planeto ‘roughbeforeitenterstheturbulentair,thisassmptionis
fulfilled. Thereerecases,however,whenroughairisencounteredwith-
outwarning.Inthesecases,thedistancethatisrequiredtoreduce
speedmayhavean importantbesringontheloadsimposedontheairframe,
because,whiletheairplaneisslowingdown,theloadsimposedbytherough
ah arehigherthantheywouldbe iftheairplanewereflyingatthespeed
‘ro@- Theimfluenceoftheseadditionalloadsiscontainalinthe
operational.loadexperiencegainedfrompreviousandpresent-daypiston-
engineatrplanes.Designinga newairplaneinaccordancewiththise?xpe-

*

rienceissatisfactoryaslongastheflightregimeandtheconfiguration
arenotradicallydifferentfromthoseofpreviousairplanes.

Tnthecaseofturbine-poweredtransports,thespeedandaltitude
willbe quitedifferentfromthe-rangecoveredbypresentexperienceand,
inaddition,significantreductionsintheairplanedragcoefficientwill
bemade. Thequestionnaturallyarisesastowhetherthesechangeswill
resultinan ticreaseintheloadsduringairplanedecelerationinrough
air. Onewaytodeterminewhethera significantincreaseinloadisto
be expectedistocomputethedistsmcerequiredtodeceleratea high-speed
jettransporttotherough-airspeedandthentocomparetheresultwith
thedistancereqtiedtodeceleratea typicalpiston-enginetransport.
Suchcomysrisonsaremadeh thepresentpaperand,inaddition,the
effectsofaer@mamicbrakesandrateofclimbonthedecelerationofa
hypotheticaljettransportareconsiderd.

.
An additionalproblemthathasnotbeenresolvedishowaccurately

thepilotcanmaintaintherough-airspeedafterreachingit. Thisproblem
isnotconsideredinthepresentpaper.Alsonotconsideredistheques-
tionofhowofteneitherthunderstormsorclear-airturbulencesreencoun-
teredwithoutwarning.

CD

WD
CL

/3

dragcoefficient

ticrementaldragcoefficientdueto aerodynamicbrakes

liftcoefficient

accelerationdueto gravi~,ft/sec2

. _—. .
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~ dynamicpressure,lb/sq

R/C rateofcltib,ft/min

v~ cruisingairspeed

ft

‘normal normaloperatingairspeed

‘row@ desiguairspeedformaxtiumgusttntensi~(calledVB in
ref.1)

}7/s wing10ad@, lb/sqft

CAUXJLATIONS

Thetrueairspeedasa functionofthealtitudeisshownh figure1
fora piston-enginetransportandfora hypotheticaljettransport.For
bothairplanes,thecurveslabeledV~o@ correspondto constantindi-
catedairspeed,180mphforthepistontransportand250mphforthejet
transport.ThecurvelabeledVno_ forthepistontransportcorre-
spondstoa constantindicat&lairspeedof225mph,whichisthenormal
operatingspeedofa particularclassoftransports.fithecaseofthe
jettransport,theoperatingspeedwasestimatedonthefollowingbasis.
Becausea highrateofclimbishrportmttotheecon~ of jet-transport
operation,thedesigncruishgspeedVc (seeref.1)waschosentobe
thespeedforbestrateofclimbat sealevel,380mph. Theindicated
speedforbestrateofclimbwillnormallydecreasewithaltitudeand,
thus,theindicatdspeedh theclimbingphaseoftheflightwouldbe
expectedtodecreasewithaltitude.Ontheotherhand,a high-speed
descentiseconomicallydestiable;thus,thedescentislikelytobemade
ata constantindicatedairspeednearthedesigncruisingspeedat sea
level.As a result,a cetiainsmountofflightatthespeedVc seems
likelyatallaltitudes.Thecalculationsforthejettmmsportsre
thereforebasedonthisspeed,andtheresultingtrue-airspeedcurveis
shownas Vc in figure1. Thesuddenchsmgeh theslopeofthiscurve
atanaltitudeof30,000feetisa resultoftheasswptionthatabove
thisaltitudetheairplanewillflyata constantMachnumber.Thuslthe
highesttrueairspeedisreachdat30,000feet,smditisatthisalti-
tudealsothatthedifferencebetweenVc and Vro@ isgreatest.

Thedistancereqyiredtoreducethespeedfrom Vno_ to Vroti
atanaltitudeof13,CX)0feethasbeencomputedforthepiston-engine
transportwithanassumedwingloadingof57.5lb/sqft.Calculations
weremadefordecelerationbyreducingpowerto idlingandalsoby com-
binedpowerreductionandclimb.Similarcalculationsweremadeto
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4 NACATN3613

determinethedistsncerequiredtoreducethespeedfrom Vc to vro~
at 13,000feet,aswellasatthemorecriticalaltitudeof30,000feet,
forthejettransportwithanassmedwingloadingofSOlb/sqft. This
load@ isassmedtoberepresentativeofthedescentweightofa jet
transport.Calculationswerealsomadefor30,000feetwitha wingloading
of 75lb/sqf-t,whichisrepresentativeoftheclimbweight.Forthejet
transportat30,000feetatthedescentweight,additionalcalculations
-weremadetodeterminetheinfluenceofaerodynamicbrakesonthedistance
requiredtoreducethespeed.

Themethodfollowedinallthecalculationswastodividethedecel-
erationtitofourintervals,duringeachofwhichthedynamicpressure
wasreducedby one-fourthofthedifferencebetweenthedynsmicpres-
sure q attheinitialspeedandthatattherough-airspeed.Forthe
averagevalueof q foreachinterval,thecorrespondingliftcoefficient
wascomputed,emdthedragcoefficientwasreadfromthecurvespresented
infigure2. (Thejettrsmsportwasassumedtobe flyhg justbelowthe ,
Machnumberfordragrise;therefore,thevariationof CL with CD is
nota functionofMachnumber,withintherangeofthesecalculations.)
Thedragwasthencomputed,andfromthisdragtheenginethrustfor
idlingoperationwassubtract~inordertoobtainthenetairplsaedrag.

Forthejetengine,theidlingthrustisa functionofbothaltitude
andI&chnumber.Fortheconditionsofthiscalculation,therangeof
variationfora typicalengtiewasfoundtobe fromabout5 percentto
29percentoftheavailablethrustatthealtitudeconsidered.Because
ofthiswidevariation,anaveragethrustvaluewascalculatedforeach
intervalofthespeed-reducingmsmeuver.Forthepistontransport,it
wasassumedthattheinitialconditionrepresentedflightat60-percent
power,andtheengineswereassumedto idleat20percentpower.

Afterthedragcomputationwasmade,theaveragerateofenergyloss
duetodragwasdeterminedforeachinterval.Tothisvaluewasadded
therateofWetic-energylossdueto climbordragbrakes,ifany,in
ordertodeterminethetotalaveragerateofenergylossfortheinterval.
FYomthissumW thetotalktneticenergytobe lostduringtheinterval,
thetimereqtiedfortheintervalwascomputed,and,fromthetimeand
averagespeed,thedistamcecoveredwasdetermined.Thetotaldistance
wasobtainedby summingthedistancesforthefourtitervals.

Theclimbcalculationsweremadefora constantrateofclimbthrough-
outthemaneuver;thus,theairplanewasassmedtobe h theclimbatthe
initialvelocitybeforethespeedwasreduced.I?.ecausethehigherrates
of climbconsideredsregreaterthanthemaximumpossiblesteadyrateof
climbfortheairplane,a pull-upmsmeuverisreqtiedtoreachthe
assumedrateofclimb.Thismaneuvermayincreasethedistancereqtied
to reducespeed,andtheincreasewillbe a functionoftheseveri~of

.

thepull-up.
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Thedrag-brakecalculationsweremadefora constamtticremental
dragcoefficientACD duetothebrakesandforlevelflightoftheair-
plane.By combiningdragandclimb(ordescent)energies,anyparticular
combinationofbrakesandclimb(ordescent)couldbe analyzed,butsuch
combinationshavenotbeenincludedh thisanalysisbecausethetrends
couldbedeterminedfromthesepmte dragandclimbcalculations.

b additiontothedistancerequiredtoreducethespeedofthe
airplane,certainotherquantitiesof interestweredetermined.Forthe
climbcase,thetotalslltitudegatiedinthemaneuverhasbeencalculatd.
Forthecaseofaerodynamicbraking,theinitialdecelerationhasbeen
determinedbyditidingthetotaldragatthethe thebrskesarefirst
extendedbytheairpleaeweight.Theratiooftheinitialbrakedrag
tothethrustreqtiedforlevelflighthasalsobeencalculatedinorder
to conveysomeideaofthemagnitudeofthedragloadonthebrakes.In
addition,thesteady-staterateofdescentwithidlingpowerattherough-
airspeedhasbeenca.lctiatedasa functionoftheincrementaldragcoef-
ficientdueto aerodynamicbrakes.

RESULTSANDDISCUSSION

Lsvel-l?lightDeceleration

Theresultsgiveninfigure3 showthatthedistancerequiredto
reachtherough-airspeedinlevelflight(zerorateofclimb)withengines
idlingis3.7milesforthepiston-en-etransport(W/S= 57.5lb/sqft)
and14.5milesforthejettransport(W/S= 50lb/sqft)atanaltitude
of13,000feet.Theproblemofreducingthespeedofa transportairplane
obviouslyhaschangedconsiderablywiththeadventofthehigh-speedjet
transport.Thischangeisprimarilya resultoftheincreaseinthe
kineticenergythatmustbe dissipatedinordertoreducethespeed,but
thelowerdragofthejetairplaneisKlsoan importantfactor.Forthe
jettransport,thekinetic.ener&yincreaseswithaltitudeandreaches
a msxbnumat30,000feet,as isapparentfromthetrue-airspeedcurves
infigure1. Thisincreaseinkineticenergyhasa powerfuleffecton
thedistancerequiredtodeceleratetotherough-airspeedinlevel
flight. Thedistanceincreasesfrom14.5milesat13,000feetto36.2miles
at30,0CM-feet(fig.3). Foranyspecificairplane,thealtitudeatwhich
thedecelerationdistancereachesa maximumwilldependonthetrue-
airspeed-altituderelationshipchosenfortheoperationofthatairplane.
Thealtitudeatwhichthegustloadsaremostcriticalwilldependon
boththisrelationshipandthevariationofdesigngustvelocitywith
altitude.

Fromtheprecedingresults,theneedisapparentfora methcdof
deceleratingtheSetairplanethatismuchmoreeffectivethansimply

—.._— _.—. —. -—————-————— -——--——-
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closingthethrottle.Twopossiblemethtis.areclimbingandtheuseof
dragbrskes.

ClimbingDeceleration

Figure3 showsthedistancerequtredtodeceleratetotherough-air
speedasa functionoftherateofclimbforthepiston-engineandjet
transports. Theseresultsshowthatiftheairplaneisclimbingwhen
roughairisencounter~,thedecelerationdistsmceissignific~tlyless
thaninthecaseoflevelflight.Thewidedifferencebetweenthetwo
@es oftransportsisapparenth thefigure;alsoapparentistheimpor-
tanteffectofaltitudeonthedecelerationdistanceforthejettransport.
Becauseofthisaltitudeeffect,itwillbe importsntto includeinflight
testsofdecelerationthealtitudeatwhichthemaximumtrueairspeedis P
reached.

Theeffectofan increaseinweightonthedecelerationdistsnceis
sho~min figure4 wherewingloadingsof7’3and50lb/sqftareassumed
tobe representativeoftheclimbanddescentweights,respectively.In
levelflight,thedistsncerequiredisincreasedby about3 milesbecause
oftheincreasedweightofthea~lane.

Thefactorsthatcontrolthedecelerationh levelflightarethe
weightoftheahplane,thedrag,andthethrust.h thisparticular
case(fig.4),thesethreefactorsinteractedh a mannersuchthatthe
changeh weighthada relativelysmslleffectonthedistancerequired
to reachtherough-airspeed.Iftheairplanewereflyingh a lower
rangeof liftcoefficientWere thedragbecomesnearlyindepemdeutof
theweight,aswouldbethecaseforconsiderablylighterweightorlower
altitude,thenthedecelerationdistancewouldincreaseapproximatelyin
proportionwithan ticreaseinweight.Withticreastigrateofclimb,
thedifferenceinweighthasevenlesseffectonthedistsmceinthepre-
sentexsmple,becausethepartofthetotalrateofdecreaseofldnetic
energyperpoundofweightthatisdueto climbhgbecomesa larger
factorindeterminingthedeceleration.

Figures5 to 8 are plotsofthetiueairspeedagainstdistmcetrav-
eledforvsriousratesofclimbforthepiston-engineandjettransports
withenginesidling.Figures5 and6 sreforamaltitudeof13,000feet
andfigures7 and8 me foranaltitudeof30,000feet.By observingthe
reductionintrueairspeedina distanceequaltothewidthofa thunder-
stormorthelengthofa patchofclear-airturbulence,someideacanbe
formedoftheeffectivenessofattemptingtoreducetheairplanespeed
asa meansofreducingthegustloads.(Fig.84ofref.2 showsthat
profilesofthunderstormsareabout4 to 9 mileswideandfig.3 of
ref.3 showsthatmostnonthunderstormturbulentareasarelessthan 0

20milesinlength.)Ifa typicalturbulenceprofileisassumed,the
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informationinfigures5 to8
imposedontheairplanefora

camalsobeusedto calculatetheloads
particulardecelerationtechnique.These

loadscanbecompsredwiththeresultsofsimilaTcalculationsforflight
throughthesameturbulenceattheinitialspeedandattherough-air
speedtoobtaina quantitativeestimateoftheeffectofthedeceleration
ontheloadsimposedontheairplane.

~asmuchasthedecelerationdistancehasbeenfoundtodecrease
rapidlywithincreasingrateofclimb,itisobviousthata descending
airplanecanbedeceleratedby closingthethrottle,ifitisnotalready
closed,andexecutinga low-gpull-uptoplacetheairplaneina power-
offclimb,iftheresultingdeparturefromtheoriginalflightplanis
permissible.Thedistancerequiredforsucha maneuverwouldbe ofthe
ssmeorderas isshowninfigures3 and4 forthesamerateofclimb,
althoughitwouldexceedthisdistancesomewhatasa resultofthetime
neededtomaneuvertothedestidrateofclimb.Forexsmple,whenthe
decelerationisinitiatd,iftheairplaneisdescendingat3,000feet
perminuteat Vc withenginesidlinganda rathergentlepull-up(1.2g)
isexcutedtobringtheairplanetoa rateofclimbof4,000feetper
minute,calculationsshowthatthedistancerequiredtodecelerateis

aboutl~miles;whereas,iftheairplsmeisclimbingat4,000feet

perminuteatthetimethethrottleisclosed,a distanceof 9 milesis

required.Thetimerequiredfordecelerationinl~miles isabout

76seconds.

Althoughclimbingiseffectiveinreducingthedecelerationdistance,
thereae somepenaltiesthataccompanythistechniquewhenitisused
duringtheairplanedescent.Thealtitudegainedb theclimbmustbe
lostagain,andthetimerequiredtodo sodelaystheflightandresults
inslightlyincreasedfuelconsumption.Thealtitudegainedisplotted
h figure9 asa functionofthedistancereqtiedtoreducespeed.The
caseofthepiston-enginetransportisincludedforcomparisonpurposes.
Thetimethatisrequiredto losethisexcessaltitudedependsontherate
ofdescent.me rateofdescentattherough-airspeedisconsiderably
lessthsaatthecruisespeed;therefore,unlesssometypeofdragdevice
isusedto increasetherateofdescentaftertheclimb,thejetairplsme
willarriveoverthedestinationata highaltitude:

tiorderto obtainsomeideaofthedragrequirementsforsteady
descentattherough-airspeed,therateofdescenthasbeencalculated

/ forseveralvaluesoftheincrementaldragcoefficientduetothebrskes,
withenginesidling.Theresultsareplottedinfigme 10,whichshows
therateofdescentasa functionof MD forthejettransportat
30,000feetatthedescentweight.Fora rateofdescentof2,000feet
permhutefa v~ue of MD of0.014isrequired;whereas,fora rate
ofdescentof4,000feetpertiute,a valueof ~ of0.033isrequired.

—.— ——— — .— . . — — - — —-— —-
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Inasmuchastheprecedingdiscussionhasshownbrakestobe useful
fortherough-airdescent,itisof interestto considertheeffective-
nessofbrakesasa deviceforreducingthespeedoftheairplane.The
effectofdragbrakesonthedistancerequiredtodeceleratethejet
transportfromtheinitielspeedtotherough-airspeedinlevelflight
at30,000feetatthedescentweightwithenginesidl~ isshownti
figureXl. Thisfi~e showsthatbrakeswitha valueof MD ofthe
orderofmagnituderequiredfortherough-ahsteadydescent(0.01to
0.03)areveryeffectiveinslowingdowntheairplaneinlevelflight.
Theeffectivenessofthebrakesh reductigtheaerodynamicloadscanbe
estimatedwiththeassistanceoffigure12 inwhichthetrueairspeedis
plottedasa functionofthedistanceflown,fora levelflightdecel-
erationat severalvaluesof ~. d

b caseofan inadvertentencounterwithroughair,brakeextension
mustbe startedwithina matterof secondstobe effective,becausethe

o

airplaneistravelingatnearly10milesper*tie. Consequently,in
sucha caseitwillnotbepossibleto givemuchadvancewarningtothe
passengers.Thusif,ina certainaltituderange,a highrateofdecel-
erationisrequiredtoreachtherough-airspeedinanacceptabledis-
tance,itm@t be desirabletohavethepassengersseatedwithsafe~
beltsfastenedwhenflyinginthisaltituderange.

Themagnitudeoftheinitialdecelerationresultingfromtheuseof
brskessndreductionofpowerforspeedreductioninlevelflightis shown
asa functionofthedistancerequiredh figure13. When ~ isequal
to 0.014(thevaluefoumdtobe sufficientforsteadydescentat
2,000feetpermintie),thedistanceinlevelfMght isX2.1milesand
theinitialdecelerationisaboutO.l~g.When MD isequalto 0.033
(thevaluerequiredforsteadydescentat4,CX)Ofeetpertiute atthe
rough-ahspeed),thereqtieddistanceisonly6.4milesbutthetiitial
decelerationis0.27g.

Anotherfactorregardingtheuseofbrakesthatisimportantinthe
designoftheairplaneisthesizeandweightofthebrskemechanism
itseM. b orderto getsomeideaof-theforcesinvolved,theratioof
theinitialbrakedragtothethrustrequiredforlevelflightat the
speedVc hasbeencomputed,Thisratioisplottedinfigure14asa
functionofthedistancereq~ed forthedecelerationinlevelflight
at30,0(XIfeetwithenginesidlingatthedescentweight.Forthe
1.2.l-miledist=cediscussedfithepreviousparagraph,thedragisabout
1.1ttiestheenginethrust.Forthe6.4~e case,thedragisabout
2.5timestheenginethrust.Obviously,thesearelargeforcesandthe
structurethatwithstandsthemwillbeheavy.Theweightpenal.tymight
bereducedifthebrakewerea dual-puqosedevice- thatis,ifthe
brakingcouldbe obtaindbymodifyingsomeotherdevicethatisneces-
sarytotheairplane,suchaswinglateral-controlspoilersorflapsor
thelandinggear.
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Theresultsshowninfigures11to 14havebeenfordecelerationin
levelflight.H thea~lane isdescendingwhenroughairisencountered
andifthepilotdesiresto continuethedescentwhileslowingdown,the
decelerationmaneuverismorecomplicate.Inpractice,itwouldprobably
requirecm initialincrementofbrakeextension,governedbytheallowable
longitudinaldeceleration,followedbya furtherincrementofbrakeexi%n-
sionwhenthedynamicpressurehadbeensufficientlyreducedasa result
ofthereducedspeed.Finally,afterreachingtherough-airspeed,the
brakeswouldbepartiallyretractedtothepositionfortheselectedrate
ofdescent.This,ticidentally,isoneofthestrikingdifferences
betweenflyingthejetandthepiston-enginetransports.Withtheconven-
tionaltransports,thepilotcontrolstherateofdescentwiththethrot-
tle,butwiththejettransport,thesecalculationsindicatethatthe
rateofdescentattherough-airspeedwillbe controlledwithanaero-
dynamicbrake.

Althoughtheprecedingdiscussionhasbeenconcernedwiththeuseof
brakesto obtaindrag,dragcanalsobe obtainedby reversingtheengine
thrust. Witha reversethrustQf50percentofratedthrust,thedecel-
erationtotherough-airspeedh levelflightwouldtakeabout13miles
at30,000feetatthedescentyeight.

s

COIWIJIDINGREMARKS

Thedistancerequiredtodeceleratea high-speedjettransportfrom
thenormaloperatingspeedtothedesignspeedformsximumgustintensity
(rough-airspeed)hasbeencalculatedforthecaseoflevelflightwith
theenginesidllng.Thisdistancewasfoyndtobemuchgeaterfora jet
transportthanfora typicalpiston-enginetransportatthesamealtitude,
andthedistancewasfoundto increasetithaltitudeuptothealtitude
formaximumtrueatispeed.Becausetheincreaseddistanceforthejet
transportwasprimarilya resultof increasedkineticenergyand,to a
lesserextent,oflowerwag coefficients,theseresultsarebelievedto
be qud.itativel.ycorrectforhigh-spedtransportsingeneral.Theexact
distanceforanyparticularairplanewill,however,dependonthevalues
chosenforthenormaloperatingspeedmd fortherough-airspeed(because
thesespeedscontrolthekineticener~thatmustbe dissipatedduring
deceleration)andalsowilldependontheatrplsnesmdengfie
characteristics.

Theuseofaerodynamicbrakes,thrustreversal,ora climbingmaneu-
verisshowntobe effectiveinreducingthedistancerequiredtoreach
therough-airspeed,andthereforetheuseof such
able.Evenwiththeaidof suchdevices,however,

devicesseemsadvis-
thedeceleration
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distance,atthealtitudewhereitreachesa maximum,islikelytobe
considerablygreaterforjettransportsthsnforpresent-daypiston-
engtnetransports..

,.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommttteeforAeronautics,

J-sJ@eyField,Vs.,October7,1%7.
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